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1.1. Delivery of RNAi therapeutics from a combinatorial library of
lipid-like materials
Gene expression can be modulated through the application of
RNA interference (RNAi) technology. Such modulation offers the
potential of a new class of therapeutics that addresses previously
untreatable diseases. However, in vivo delivery of these putative
RNAi therapeutics is challenging. Certain viruses, such as respira-
tory syncytial virus, can be inhibited locally after administration
of naked small interfering RNA (siRNA), and the systemic deliv-
ery of siRNA to the liver of non-human primates has been dem-
onstrated using a lipid formulation.
Despite these examples, there are relatively few reports dem-
onstrating efﬁcacy of systemically delivered siRNA in primates.
Research to date has focused on cationic lipid delivery systems,
but the development of safe and effective methods, both
in vitro and in vivo, has proven problematic. The delivery of siR-
NA has been mediated, for example, by direct conjugation of
delivery agents to the RNA moiety or peptide-based delivery sys-
tems. A barrier to the exploration of new delivery materials is the
synthesis of the delivery material itself. Conventional lipid syn-
thesis typically requires individually optimised, multiple-step
synthesis, including protection and deprotection stratagems, use
and removal of catalysts, solvent exchanges and puriﬁcation.
The optimisation of each (multiple) synthetic step therefore has
limited throughput and so limits the ability to generate libraries
of substantial size and diversity. Recent work has attempted to
develop chemical methods capable of the rapid, parallel genera-
tion of lipid-like molecules.1
Library compounds were synthesised through a conjugate addi-
tion of primary or secondary amines to alkylacrylates (1) or alkyl-
acrylamides (2) to generate compounds of general structure 3 and
4. The advantage of this type of chemistry is that, unlike many tra-
ditional lipid synthesis chemistries, it allows for reaction in the ab-
sence of solvent or catalysts and results only in lipidoid product,
thereby eliminating the need for protection and deprotection steps
and puriﬁcation.doi:10.1016/j.comche.2009.01.001
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Using this methodology, several libraries totalling more than 1200
lipidoid members were synthesised. Library members were then
screened for their ability to deliver siRNA to a HeLa cell line that sta-
bly expresses both ﬁreﬂy (Photinus pyralis) and Renilla (Renilla ren-
iformis) luciferase. Efﬁcacy of siRNA delivery by lipidoids was
determined by treating cells with these complexes, prepared using
a ﬁreﬂy luciferase-targeting siRNA, and then measuring the ratio of
ﬁreﬂy to Renilla luciferase expression. A number of compounds
were found to enhance the delivery of siRNA to HeLa cells.
In a further round of experiments, Factor VII, a blood clotting
factor, was chosen to assess targeted siRNA delivery to the liver.
At least seven lipidoid formulations were identiﬁed that mediated
signiﬁcant reduction of serum Factor VII protein levels, with the
largest reduction observed for compound 5. The development of
a library of lipid-like materials represents an expansion in the
diversity and range of intracellular delivery materials, and has
clearly demonstrated potential for in vivo utility.N
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1.2. New thrombin binding aptamer analogues containing an acyclic
nucleotide
The serine protease thrombin plays a central role in blood clot-
ting, converting soluble ﬁbrinogen to ﬁbrin, activating the factors
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many examples of endogenous molecules that bind to thrombin
allowing regulation of the clotting process, and so preventing any
loss of blood and inappropriate clotting in healthy individuals.
The development of anticoagulant strategies to inhibit thrombo-
genesis in patients is of great interest and among these the most
important are focused on direct or indirect inhibition of thrombin.
One such inhibitor that speciﬁcally binds to human thrombin (with
an EC50 of 20 nM) is a 15-oligomeric aptamer.
The solution-state three-dimensional structure of the thrombin
binding aptamer has been determined by NMR methods. On the
basis of previous NMR results produced by studying the folding
of modiﬁed aptamers, it can be deduced that the tertiary structure
of the thrombin binding aptamer adopts a chair-like conformation.
Recent work has attempted to obtain new insights into the recog-
nition event between thrombin and the thrombin binding
aptamer.2
This work has undertaken to study the synthesis and the struc-
tural and biological characterisation of a new series of modiﬁed
thrombin binding aptamers in which the thymidines have been re-
placed, sequentially, by the acyclic nucleoside N1-(3-hydroxy-2-
hydroxymethyl-2-methylpropyl)-thymine to give 6. Oligonucleo-
tides incorporating acyclic nucleotides are of interest, in part, be-
cause they are less susceptible to nuclease action than their
natural counterparts. The structural changes between the acyclic
6 and the unmodiﬁed T residue 7 result in a one bond shortening
between the T base and one of the phosphate groups. Additionally
the replacement results in the introduction of a hydrophobic
methyl group, and the presence of a prochiral carbon in the linker
that develops into a chiral center when the modiﬁed nucleotide is
inserted into the DNA sequence.
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OThe ability of the synthesised sequences to assume a quadruplex
conformation has been evaluated by NMR, UV, and CD spectrosco-
pies, and thrombin inhibitory activity was determined in prothrom-
bin time and puriﬁed ﬁbrinogen clotting assays. The study also
synthesised oligonucleotide analogues using standard solid-phase
DNA chemistry on a controlled pore glass support. The oligomers
were detached from the support and deprotected by treatment withan aqueous ammonia solution (33%) at 55 C overnight. The oligo-
nucleotides were evaluated for any effect, following incubation
with human plasma, on prothrombin time. The concentration of oli-
gonucleotide required to double the ﬁbrinogen clotting time was
also determined.
From this library, a number of active oligonucleotides were ob-
tained. One of the most active gave a prothrombin time of 24 s at a
concentration of 2 M, and a concentration of 70 nM of the oligonu-
cleotide was found to double time to clot in the ﬁbrogen clotting
assay.
2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A general solid-phase synthesis of 1,2,5-trisubstituted imidaz-
olidin-4-ones has been described. The key synthetic transforma-
tion incorporates a microwave-assisted condensation of an a-
amino amide on solid support with an aldehyde in solution to give
the corresponding resin-bound imidazolidin-4-one in a simple
one-pot procedure.3
A new straightforward solid-phase synthesis of perﬂuoroalky-
lated dimerisable detergents used as gene delivery systems has
been presented. The route used Fmoc-Cys(SASRINTM–)-OH resin
as solid support, affording the target products in almost quantita-
tive yields and high purity.4
An efﬁcient method for the solid-phase synthesis of aryl amines,
heteroaryl amines, and sterically hindered alkyl amines has been
developed. The key step in this process was the formation of re-
sin-bound carbamates by the Curtius rearrangement of aryl car-
boxylic acids with Wang resin providing the trapping hydroxyl
group. The developed methods can be applied to the preparation
of libraries containing aryl, heteroaryl, and sterically hindered alkyl
amine structures as the pharmacophores.5
2.2. Solution-phase synthesis
Chemoselectivity of chlorine versus methylthio (–SCH3), meth-
ylsulﬁnyl (–SOCH3), or methylsulfonyl [–S(O)2CH3] in either the
functionalisation or substitution of pyridopyrimidinones and
pyrimidopyrimidinones has been studied. Use of this methodology
to prepare ﬁnal targets for rapid SAR studies via two-dimensional
array syntheses has been demonstrated.6
A rapid and efﬁcient strategy for the preparation of spiro-pyri-
dones and spiro-quinolones using sequential Pd(0)/C-catalysed
allylation and ring closing metathesis reactions has been reported.
Application of the present methodology to nucleoside chemistry
has also been investigated, and it has also been used in library
preparation.7
A method for the formation of libraries of synthetic macrocycles
with different ring sizes from diols has been described. Reacting a
simple diol precursor with electrophilic reagents leads to a cyclic
carbonate, sulphite, or phosphate in a single step in 25–60% yield.
Alternatively, converting the cyclisation precursor to a bis-electro-
philic iodide or aldehyde enables preparation of a cyclic sulphide
and amine respectively, the latter using a double-reductive amina-
tion to induce ring closure.8
A global synthetic strategy based on the ‘garlanding’ concept to
design and to produce halo-oligopyridines has been reported. The
strategy allows the preparation of an inﬁnite number of these
new compounds and hence access to a library of halo-
oligopyridines.9
The PEG-immobilisation and the liquid phase synthesis of some
coumarins derived from cardol have been presented. Some preli-
minary results on their tyrosinase inhibitory activity are also
included.10
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Efﬁcient reaction conditions have been developed to prepare
highly functionalised chiral pyranosido-pyrimidines by regioselec-
tive alkylation of the pyranoside ring and palladium-catalysed
cross-coupling reaction on the pyrimidine ring under microwave
activation. Such scaffolds contain three different functionalities
suitable for selective derivatisation and could ﬁnd applications in
the design of peptidomimetics.11
2.4. Solid-phase supported reagents
Acetylation of various alcohols and phenols has been performed
successfully in high yield using an immobilised cobalt(II) catalyst.
The catalyst shows high thermal stability and was also recovered
and reused at least ten times without any signiﬁcant activity loss.12
2.5. Novel resins, linkers and techniques
Fluorescein isothiocyanate (FITC) is an amine-reactive deriva-
tive of ﬂuorescein dye that has wide ranging applications in label-
ling peptides and proteins. However, its use in solid phase peptide
synthesis is restricted by instability in acidic conditions required
for linker cleavage. This can be avoided when a spacer such as ami-
no hexanoic acid is used or if non-acidic cleavage is used to release
targeted peptide from the resin.13
2.6. Library applications
The synthesis and identiﬁcation of sulphonamidoaryl ethers as
potent bradykinin B1 receptor antagonists from a60,000 member
encoded combinatorial library have been reported. Two distinct
series of compounds exhibiting different structure–activity rela-
tionships were identiﬁed in a bradykinin B1 whole-cell receptor-
binding assay.14
Cdc7 kinase plays a critical role in the regulation of DNA repli-
cation in eukaryotic cells and has been proposed as a target for
cancer therapy. A class of Cdc7/Dbf4 inhibitors with a pyrido-thie-
no-pyrimidine core structure have been identiﬁed, and the synthe-
sis of a focused pyrido-thieno-pyrimidine library yielded potent
and selective Cdc7 inhibitors with antiproliferative activity against
cancer cells in vitro.15
The discovery, synthesis and preliminary SAR of a novel class of
non-peptidic antagonists of the av-integrins avb3 and avb5 has
been described. High-throughput screening of an extensive series
of ECLiPSTM compound libraries led to the identiﬁcation of a dual
inhibitor of the av-integrins avb3 and avb5.16
The discovery and synthesis of a series of 2-amino-5-benzoyl-4-
(2-furyl)thiazoles as adenosine A2A receptor antagonists from a
small-molecule combinatorial library using a high-throughput
radioligand-binding assay has been described. Antagonists were
further characterised in the A2A binding assay and an A1 selectivity
assay, and selected examples exhibited excellent afﬁnity for A2A
and good selectivity versus the A1 receptor.17
A series of 2-pyridyl pyrimidines, reported inhibitors of Plasmo-
dium falciparum methionine aminopeptidase 1b were synthesised
and evaluated for their antiplasmodial activities. Cross screening
of the library against cultured Leishmania donovani parasites re-
vealed this class of compound as potent inhibitors of in vitro par-
asite development.18
The solid phase synthesis of a library of aminoglycerol–diamine
conjugate-based transfection agents having urea linkage between
diverse length of diamines and various lengths of hydrophobic tails
has been described. These compounds were characterised and
structure–activity relationships determined for DNA binding and
transfection ability when formulated as cationic liposomes. Cat-ionic lipids with short spacer length and short hydrophobic tails
bound to DNA and delivered DNA into HEK293 cells more efﬁ-
ciently than those with longer ones. These results suggest that
these newly described aminoglycerol-based lipids should be very
promising in liposome-mediated gene delivery and illustrate the
potential of solid phase synthesis methodology for non-viral vector
discovery.19
The human pathogenic bacterium Pseudomonas aeruginosa pro-
duces a fucose-speciﬁc lectin, LecB, implicated in tissue attach-
ment and the formation of bioﬁlms. To investigate if LecB
inhibition disrupts these processes, high-afﬁnity ligands were ob-
tained by screening two 15,536-member combinatorial libraries
of multivalent fucosyl-peptide dendrimers. The most potent
LecB-ligands identiﬁed were dendrimers that led to complete inhi-
bition of P. aeruginosa bioﬁlm formation and induced complete dis-
persion of established bioﬁlms in the wild-type strain and in
several clinical P. aeruginosa isolates.20
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